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Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-1233 Manuscript under review for journal Atmos. Chem. Phys. Mercury is a heavy metal whose high vapor pressure leads to significant emissions into 63 the atmosphere. Moreover, due to its slow rate of oxidation and low solubility in water it 64 can be transported over long distances. After oxidation to less volatile and more soluble 65 compounds, mercury is thus deposited in remote areas. Its conversion to the highly 66 neurotoxic methyl mercury which bioaccumulates in the aquatic nutritional chain to 67 concentrations dangerous for humans and animals has motivated intensive research on 68 the biogeochemical cycle of mercury (e.g. Mergler Neither have the oxidation products been unequivocally identified so far because of the 77 lack of speciation techniques for individual mercury compounds (Gustin et al., 2015 ; 78 Ariya et al., 2015) . In addition, attempts to constrain the atmospheric mercury cycle using 79 different models had to rely almost exclusively on measurements at the surface in the 80 northern hemisphere, which undermined these efforts. Measurements of mercury 81 distribution in the troposphere and stratosphere by research aircraft are expensive and 82 thus usually limited to short-term campaigns covering small regions of the globe 83 The CARIBIC container (Brenninkmeijer et al., 2007 ; www.caribic-atmospheric.com) 125
onboard an Airbus 340-600 of Lufthansa holds automated analyzers for gaseous mercury, 126 CO, O 3 , NO, NOy, CO 2 , CH 4 , acetone, acetonitrile, water vapor (total, gaseous, isotope 127 composition), and fine aerosol particles (three counters for particles with lower threshold 128 diameters of 4 nm, 12 nm, and 18 nm, upper cut off about 2.0 µm), as well as an optical 129 particle size spectrometer (OPSS) for particles with diameters > 150 nm. In addition, 130 whole air and aerosol particle samples are taken in flight and subsequently analyzed for 131 greenhouse gases, halocarbons, hydrocarbons, and particle elemental composition. The 132 CARIBIC measurement container is usually deployed monthly during a sequence of four 133 intercontinental flights. 134
135
The air inlet system and the mercury instrument are described in detail by 136 138 from which ~80 volume-l min -1 is taken at a right angle to a manifold which supplies the 139 trace gas analyzers in the container via a temperature controlled PFA lined supply line. 140
The large air velocity in the trace gas diffuser tube and perpendicular sampling at much 141 smaller velocity discriminate against particles larger than about one micrometer diameter 142 (~50% aspiration efficiency, Baron be attached to particles. Although the CARIBIC trace gas inlet is not optimized to collect 173 particles, we estimated that particles with diameter of < 0.5 µm will pass through it, 174 representing ~70% of the aerosol mass. Despite of significant PBM concentrations in the 175 stratosphere reported by Murphy et al. (1998 Murphy et al. ( , 2006 , we were not able to detect mercury 176 in aerosol samples collected by the CARIBIC impactor sampler downstream of the inlet 177 optimized for quantitative particle sampling. Although not equipped with heaters, the air 178 carrying particles will warm up to ~ +30° on the way from the aerosol inlet to the 179 impactor. Our inability to detect mercury in particle samples thus suggests that Hg 2+ on 180 particles evaporates when the air sample is heated to ~ +30°C in the inlet tubing and 181 forms GOM. In summary, we assume that our measurements are close to total mercury 182 (TM = GEM + Hg 2+ = GEM + GOM + PBM) concentration and we refer to them as such. 183
184
In order to get information about the GOM fraction, sample air was passed through a 185 quartz wool scrubber (Lyman and Jaffe, 2012) using the Nalimov outlier test (Kaiser and Gottschalk, 1972) , unedited data give very 336 similar plots. We also note that TM and GEM data from all flights were used in these 337 figures, altogether 1528 and 1349 TM measurements in winter and summer, respectively, 338 as well 699 and 916 GEM measurements in winter and summer, respectively. As already 339 mentioned GEM data were collected during the outward and TM data during the return 340 flights. Because of different flight tracks and flight altitudes the GEM and TM data 341 eliminated using the Nalimov outlier test (Kaiser and Gottschalk, 1972 
